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With the extension of life expectancy, cancer has been increasing in elderly populations. Postoperative pneumonia can negatively influence immediate mortality following gastrectomy for elderly patients, but its impact on long-term survival remains unclear. We retrospectively reviewed the cases of patients aged ≥75 years who underwent curative gastrectomy for gastric cancer from 2000 to 2014 to determine the long-term effects of postoperative pneumonia and to identify independent risk factors along with physical status and surgical procedure. Of 250 patients, 32 (12.8%) developed postoperative pneumonia. Patients with postoperative pneumonia had significantly worse overall survival (OS) than those without postoperative pneumonia (P<.001). A multivariate analysis identified postoperative pneumonia as a prognostic factor for OS (hazard ratio, 2.06; 95% CI, 1.05-3.75; P=.036). Significant risk factors for the development of postoperative pneumonia were male gender (P=.026) and D2 lymphadenectomy (P<.001). D2 lymphadenectomy was associated with poorer OS than D1 or D1+lymphadenectomy in patients with an American Society of Anesthesiologists (ASA) score 3 (P=.026), but did not influence OS negatively in patients with an ASA score ≤2. Limited lymphadenectomy did not affect the cancer-specific survival of elderly patients with ASA score 3. Postoperative pneumonia following gastrectomy has an adverse impact on the long-term survival of elderly gastric cancer patients. A limited lymphadenectomy during curative resection should be considered to prevent postoperative pneumonia in frail elderly patients with ASA score 3. Postoperative pneumonia following gastrectomy has an adverse impact on the long-term survival of elderly gastric cancer patients. Extent of lymph node dissection during curative resection should be limited to prevent postoperative pneumonia, based on the patient's frailty.
and it is a relatively common postoperative complication. Among abdominal surgeries, gastrectomy is especially associated with postoperative pneumonia, with the second highest incidence (16-17%) following thoracic surgery (15-37.5%). 8, 9 Several studies have reported that pulmonary complications negatively affect not only short-term mortality but also long-term survival after thoracic surgeries such as resection of esophageal and lung cancer. [10] [11] [12] [13] Although a previous study reported that patients with postoperative pneumonia following gastrectomy had high postoperative mortality, 14 the potential long-term impact of postoperative pneumonia has not been investigated. Identification of risk factors for postoperative pneumonia may have a crucial role in the development of therapeutic strategies to reduce the incidence and impact of pneumonia in elderly patients.
We conducted the present study to evaluate the impact of postoperative pneumonia after curative gastrectomy on long-term survival in elderly gastric cancer patients and to identify potential independent risk factors. 
| MATERIALS AND METHODS

| Patients and data retrieval
| Definition of pneumonia
Postoperative pneumonia was defined as higher than grade II on the Clavien-Dindo classification. 18 Pneumonia was diagnosed based on the findings of consolidation by chest X-ray or computed tomography (CT), and on the clinical findings (ie presenting one or more of the following factors: temperature ≥38°C, cough productive of purulent sputum, and raised white cell count [≥10 000/mm 3 ]).
| Statistical analyses
We assessed the results of a univariate analysis of risk factors for postoperative pneumonia by using the Mann-Whitney U-test and gastric cancer. Fifty patients (20%) died of non-cancer-related causes, including 13 (5%) with pneumonia, 11 (4%) of natural causes, six (2%) with cancer of another organ, five (2%) of unknown cause, four (2%) with heart disease, three (1%) with liver disease, and two (1%) with cerebral stroke.
Patients with postoperative pneumonia had significantly shorter overall survival (OS) than those without pneumonia (log-rank P=.007, Figure 1) . Results of the Cox proportional hazards model of the factors that affected OS are shown in Table 4 
| Comparison of survival between the extents of lymph node dissection
To determine which patients were unfit for D2 lymphadenectomy, we compared the OS curve stratified by ASA score between D2 lymphadenectomy and D1 or D1+lymphadenectomy. D2 lymphadenectomy significantly decreased OS rate compared to D1 or D1+lymphadenectomy in the 54 elderly patients who had an ASA score of 3 (log rank P=.026, Figure 2A ), whereas D2 lymphadenectomy did not influence OS negatively in 196 patients with an ASA score ≤2 ( Figure 2B ). Regarding patients with ASA score 3, significant differences between guideline recommended lymph node dissection and less than recommended lymph node dissection were not found in the cancer-specific survival (CSS) rate of all 54 patients, and overall survival in elderly patients undergoing curative-intent gastrectomy, and our analysis showed that postoperative pneumonia was also an independent predictor for worse survival. These findings mean that postoperative pneumonia affects prognosis separately from preoperative health status, operative procedure, and disease stage in elderly patients.
A potential explanation for these findings is that postoperative pneumonia prolongs patient hospital stay, worsens postoperative disability, and reduces activities of daily living. Impaired physical status may make elderly patients more susceptible to cancer-related death and cancer-unrelated death. An additional possible explanation is host immunosuppression induced by inflammatory responses to complications. As an inflammatory disease, pneumonia leads to immunomodulatory impairment. These circumstances may facilitate the progression of residual microscopic disease that manifest as a recurrence or death. Further investigations such as nationwide studies are necessary to elucidate the mechanisms by which postoperative complications worsen prognoses.
Frequency of pneumonia after gastrectomy in elderly patients aged ≥75 years has been reported as 5.1-13.3%, which is significantly higher than that of younger patients (ie 45-65 years old). 14, 24, 25 Pneumonia developed in 12.8% of the present patients, which is similar to findings of previous studies, but advanced age (≥80 years) did not increase the incidence of pneumonia in our study cohort. One possible reason for this result is that we chose patients ≥75 years age, which is a heterogeneous cohort with substantial differences in health status, and thus the age-related changes do not necessarily correspond to chronological age. Reported risk factors for the development of postoperative pneumonia in patients aged ≥75 years are gender, ASA-PS, PS (performance status), impaired respiratory function, diabetes mellitus and blood transfusion, but these factors varied among all three studies. 14, 24, 25 This is likely to be a reflection of the small sample size in each study.
The present study's multivariate analysis identified radical lymphadenectomy as an independent risk factor for the development of postoperative pneumonia. Gastrectomy with D2 lymphadenectomy has been a standard procedure for gastric cancer, but there is no available prospective study which confirms the feasibility of D2 lymphadenectomy for patients >75 years old. Karasaki et al. 26 demonstrated that the extent of lymph node dissection had no influence on cancer death in patients aged ≥80 years. Takeshita et al. Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved:
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